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Microbiome engineering strategies in different application
scenarios

WANG Jingjing'2, XU Song'?, ZHAO Wei'2, SHI Liuyang!?, WANG Xingbiao!?,
HAN Yifan'2, ZHANG Xiaoxia!2, HUANG Zhiyong"!?

1 Tianjin Key Laboratory for Industrial Biological Systems and Bioprocessing Engineering, Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China
2 National Center of Technology Innovation for Synthetic Biology, Tianjin 300308, China

Abstract: Microbiomes have great application potential in industry, agriculture, environment,
health, etc. In practice, it is still difficult to construct efficient and stable microbiomes and
utilize the engineered microbiomes in various application fields. To summarize and analyze the
construction strategies of microbiomes, thus facilitating the engineering of microbiomes for
application in different scenarios. We first classified the application scenarios of microbiomes
into closed, semi-closed, and open systems according to the application requirements and then
reviewed the existing microbiome construction strategies in the three systems, especially
focusing on their characteristics and limitations. Finally, according to the characteristics of
different systems and the empirical feedback from practical applications, we proposed the
microbiome construction strategies. In the closed system, the microbiome is mainly synthesized
by the bottom-up method, which has high requirements for microbial individual information and
microbiome efficiency. In semi-closed and open systems, the microbiome is constructed by
top-down and bottom-up methods, which require high stability and safety of the microbiome. In
diverse application scenarios, the strategies and focuses of constructing microbiomes are
different, and appropriate strategies could be chosen to construct efficient microbiomes
according to the actual situations.

Keywords: microbiome; construction strategies; closed system; open system; efficiency; stability
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Figure 1 Examples of using engineered bacteria to construct microbiomes. A: “Y-shaped artificial bacterial
colony” that produces butanol from glucose and xylose simultaneously!!!). B: Co-culture of Escherichia coli
and Saccharomyces cerevisiae to produce oxygenated taxanes!'?. C: De novo synthesis of anthocyanins by

multiple bacterial strains!'?!.,
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Figure 2 Schematic diagram of the closed system microbiome construction strategy. The strains used to
construct the microbiome are selected through literature review, database search, etc., the strain resources are
obtained through separation and screening, the strain characteristics and metabolic modeling are used to
guide the synthesis of the microbiome, and a more efficient microbiome is obtained through optimization
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